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Phillip J. Bendick, PhD, John L. Clover, MD, O. William Brown, MD, and 
T imothy J. Ranval, MD, Royal Oak, Mich. 
Purpose: We have prospectively evaluated the need for serial venous duplex ultrasound 
examinations in an inpatient population with an initially normal study result. 
Methods: Patients were selected for study on the basis of clinical suspicion of pulmonary 
embolism and possible lower extremity deep vein thrombosis, a comorbid condition 
contributing to a nondiagnostic ventilation/perfusion lu g scan, and an initially normal 
bilateral venous duplex ultrasound examination that included complete valuation of the 
femoropopliteal system and the deep calf veins. Repeat duplex examinations were done 
during the same hospital admission between 5 and 14 days after the initial study. 
Results: Ninety-four patients with an initially normal duplex ultrasound examination 
result had repeat studies done at an average of 7.9 + 2.6 days. Ninety-two examination 
results remained normal bilaterally. Two patients had isolated intramuscular calf vein deep 
vein thrombosis: one in the gastrocnemius system of both calves with associated calf 
tenderness at 11-day follow-up and one in a mid-calf soleal vein without associated 
symptoms at 10 days. No patients had any evidence of deep vein thrombosis in the 
femoropopliteal or tibioperoneal venous ystems. 
Conclusions: Serial follow-up duplex ultrasound evaluation isunnecessary after an initially 
complete, normal study in patients with symptoms who have suspected pulmonary embo- 
lism and nondiagnostic ventilation-perfusion lu g scans. (J Vasc Surg 1996;24:732-7.) 
The diagnosis of deep vein thrombosis (DVT) is 
now made primarily on the basis of duplex ultrasound 
examination because of its noninvasive nature and its 
proven accuracy. >s These features have also increased 
the frequency of orders for testing, however, and at 
present approximately six times as many duplex ultra- 
sound examinations for venous disease are done as 
venography was done previously in our institution. 
The diagnosis of pulmonary embolism (PE), how- 
ever, remains more difficult, even with more than 
500,000 cases occurring each year in the United 
States alone. 6 Because of the association between 
lower extremity DVT and PE, it has become increas- 
ingly common for the vascular laboratory or ultra- 
sound department to evaluate patients for DVT as an 
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embolic source as part of the workup for clinically 
suspected PE. r 9 When the initial duplex ultrasound 
study result is normal, the question has been raised 
whether serial follow-up examinations are needed to 
detect any new disease or progressive disease that was 
not seen initially.i° ~a Because these additional studies 
would increase costs significantly and strain the lim- 
ited resources available to perform them, their efficacy 
must be evaluated. Consequently we carried out a 
prospective cohort study on an inpatient population 
with suspected PE and possible DVT to evaluate the 
need for serial duplex examinations in this group, 
given that the initial study result was normal. 
PATIENTS AND METHODS 
Patients were eligible for this study on the basis of 
clinical suspicion of PE, with typical findings of the 
sudden onset of shortness of breath and decreased 
oxygen saturation, which are often associated with 
tachycardia. Less frequently their presentation also 
included chest pain or a near syncopal episode. 
Patients with a diagnosis of myocardial infarction 
were excluded from further study. Also excluded were 
patients with a normal or near normal ventilation- 
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per fusion lung scan result or with a high-probability 
lung scan result according to criteria established for 
the prospective investigation fpulmonary embolism 
diagnosis tudy. 14,1s All other ventilation-perfusion 
scan results were considered nondiagnostic, and pa- 
tients were eligible for the study if they had a 
nondiagnostic s an result or a significant comorbid 
condition such as chronic obstructive pulmonary 
disease, which would likely contribute to a nondiag- 
nostic scan result. Only those patients with an initially 
normal venous duplex ultrasound examination result 
were considered for follow-up evaluation; all patients 
with an initially positive examination result were 
excluded from this study. In addition, patients were 
excluded from further study if there were no physical 
findings or risk factors that might mal~e the presence 
of DVT likely according to criteria previously estab- 
lished in the vascular laboratory 7 (Table I). All pa- 
tients evaluated in this study with serial duplex ultra- 
sound examinations had a nondiagnostic ventilation- 
per fusion scan result and physical findings uggesting 
possible DVT or a significant risk factor for DVT. All 
patients remained hospitalized from the time of their 
initial duplex ultrasound study to the follow-up ex- 
amination. The study was approved by the hospital 
Human Investigation Committee Institutional Re- 
view Board (IRB) and was carried out between 
lanuary and December 1995. 
All lower extremity duplex ultrasound examina- 
tions followed astandard protocol and were complete 
bilateral studies directly evaluating the entire venous 
system from above the inguinal ligament to the ankle. 
The examination was done with the patients lying 
supine with their heads elevated from 15 to 30 
degrees and 5 to 10 degrees of reverse Trendelenberg 
tilt of the examination table. The leg to be examined 
was externally rotated at the hip with the knee slightly 
flexed; if necessary, the knee was supported by a small 
pillow to relieve any muscle tension or guarding. 
Transverse and longitudinal imaging were both done 
with a 5 MHz linear array probe (Diasonics VST 
Series, Diasonics Ultrasound, Santa Clara, Calif.). In 
cross-section beginning at the common femoral vein 
imaging was done as far proximally as possible above 
the inguinal ligament, extending into the distal exter- 
nal iliac vein. The probe was then slowly moved 
distally to obtain entire images of the common 
femoral vein, the femoral vein throughout the thigh, 
the proximal segment of the profunda femoral vein, 
and from a posterior approach the popliteal vein 
throughout the popliteal fossa. From a posteromedial 
approach in the lower leg the tibioperoneal trunk, the 
posterior tibial veins, the peroneal veins, and the 
intramuscular gastrocnemius and soleal veins were 
evaluated. Probe compression was carried out at 1- to 
2-cm intervals for all vein segments, with each seg- 
ment evaluated for complete compressibility and for 
the presence of any intraluminal echoes indicative of 
thrombus. Longitudinal views were used to confirm 
the presence ofintraluminal echoes een on transverse 
imaging and to obtain color Doppler images and 
pulse Doppler spectral waveforms of venous flow 
hcmodynamics n the common t~emoral, femoral'(mid 
thigh), popliteal, and tibioperoneal veins. These 
venous flow signals were evaluated for the presence of 
spontaneous flow, respiratory phasicity, and aug- 
mented flow in response to manual distal imb com- 
pression. The greater saphenous vein was evaluated 
throughout the thigh as well, wkh flow hemodynam- 
ics noted at the saphenofemoral junction. The diag- 
nosis of DVT was made on the basis of the lack of 
complete venous compressibility, visualization of 
thrombus within the lumen, and the presence of 
venous flow disturbances. All duplex ultrasound stud- 
ies were done bilaterally both initially and at follow- 
up; the follow-up examination was done between 5
and 14 days after the initial test. 
RESULTS 
During the period of study a total of 469 patients 
had lower extremity duplex ultrasound examinations 
to rule out DVT as a possible source of PE (Table II). 
Seventy (15%) patients had a positive examination 
result and were excluded from further follow-up as a 
part of this study. An additional 305 (65%) patients 
with normal duplex ultrasound examination results 
also had no signs or symptoms suggesting possible 
DVT and had no significant risk factors; on the basis 
of previous data from the vascular laboratory there is 
an extremely low likelihood of DVT in these patients,7 
and they were also excluded from follow-up. A total of 
94 (20%) patients remained with the clinical suspicion 
of PE and a reasonable clinical ikelihood of DVT but 
with a normal duplex ultrasound examination result, 
and these patients form the basis of the prospective 
cohort study. 
A total of 42 (45%) men and 52 (55%) women 
with an average age of 67.8 _ 13.9 years (range 34 to 
87 years) were studied. There were no differences 
between men and women in mean age or distribution 
of ages. Clinical signs or symptoms suggesting pos- 
sible lower extremity DVT were noted in 62% of 
patients, predominantly swelling (46 patients) or 
tenderness (13 patients). Significant risk factors 
present in these patients included a known malig- 
nancy in 23 (25%) patients, recent surgery or vascular 
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Table I. Findings of DVT in patients with clinically suspected PE (507 patients) 
High risk * Low risk-/ p Value 
Femoropopliteal DVT 44 patients 1 patient 
Isolated calf DVT 23 1i 
Normal duplex scan result (%) 56 (46) 372 (97) <0.00I 
*Lower extremity symptoms, previous DVT, active malignancy, recent surgery, high-probability ventilation-perfusion can. 
J'No symptoms or risk factors listed above. 
From Bendick PJ, Catto S, Cornelius P, Burr MO, Kyan R, Glover JL. J Vase Technol 1994;18:5-8. Reprinted with the permission of the 
Society of Vascular Technology. 
interventional procedure in 20 (21%) patients, pro- 
longed immobilization in 14 (15%) patients, and 
previous DVT in 5 (5%) patients. All episodes of 
previous DVT had occurred at least 8 years before this 
presentation. 
Comorbid conditions affecting the interpretation 
of ventilation-perfusion scans included congestive 
heart failure in 44 patients, chronic obstructive pul- 
monary disease in 18 patients, pneumonia in 16 
patients, and lung cancer in 5 patients; an additional 
11 patients also had nondiagnostic s an results in the 
absence of any significant comorbidity. 
Fifty-five patients were admitted to the hospital on 
the basis of a presentation fsuspected PE; 39 patients 
were already inpatients at the time they had symptoms 
consistent with a PE. During their hospital stay 42 
patients were on a regular medical/surgical unit, 21 
patients were in the intensive care unit, 29 patients 
were in a progressive care or intensive care step-down 
unit, and 2 patients were in the rehabilitation unit. 
The mean time between the initial and follow-up 
examinations was 7.9 + 2.6 days (range 5 to 14 days). 
At follow-up 92 (98%) patients again had normal 
bilateral venous duplex ultrasound examination re- 
sults. Two patients had isolated intramuscular calf 
DVT. A 78-year-old woman admitted for gastrointes- 
tinal bleeding resulting from a colon cancer had an 
initially normal study result after 2 weeks of 
hospitalization; at follow-up 11 days later she was 
noted to have bilateral calf tenderness with associated 
DVT in the intramuscular segments ofgastrocnemius 
veins in both upper posterior calves. An 83-year-old 
man was admitted to the hospital with a possible PE 
and had an initially normal duplex ultrasound exami- 
nation result. At follow-up 10 days later a small 
thrombus was seen in an intramuscular soleal branch 
in the mid-posteromedial c f without any associated 
symptoms. No patients had any DVT in the femo- 
ropopliteal or the tibioperoneal systems. During the 
follow-up period no patients had symptoms of any 
subsequent pulmonary emboli, and no patient deaths 
occurred. 
DISCUSSION 
Since the first report of the use of duplex ultra- 
sonography for the evaluation of the lower extremity 
veins for deep vein thrombosis was done by Talbot 1 in 
1982, the technique has become accepted as the 
diagnostic test of choice and is now nearly universally 
available. It has been shown to be both a sensitive and 
specific technique in the evaluation of patients with 
symptoms, 3,4 and anticoagulation is routinely initi- 
ated on the basis of a positive duplex ultrasound 
finding. Because the deep veins of the lower extremi- 
ties are a major source of pulmonary emboli, it is 
natural to extend the indications for duplex ultra- 
sonography to rule out DVT when the clinical suspi- 
cion of pulmonary embolus is present, because the 
initial management of both diseases, anticoagulation, 
is the same. 
One criticism of duplex ultrasonography as been 
its inability to detect calf vein thrombi reliably. How- 
ever, there are reports of a high degree of accuracy in 
the calf veins in carefully performed and technically 
adequate series when compared with contrast venog- 
raphy. 4'16'17 Alternatively, other algorithms have been 
proposed that do not rely on the ability to detect calf 
vein thrombi but use serial follow-up examinations to
detect any development of significant femoropop- 
liteal DVT and the subsequent potential for fatal pul- 
monary embolism. 1°~13,1s-24 The first of these algo- 
rithms uses serial impedance plethysmography test- 
ing, a technique that is not sensitive to most calf vein 
obstruction. Most studies have been in outpatients 
with symptoms and have shown that from 2% to 10% 
of patients convert from a normal to abnormal study 
with documented DVT during the follow-up period 
of 1 to 2 weeks, presumed in most cases to represent 
progression from below-knee to femoropopliteal 
disease? °,1s2° In those studies that directly address 
the question of pulmonary embolism and when 
therapy was based on results of serial impedance pl- 
ethysmography, the rate of venous thromboembolism 
during long-term follow-up of up to 6 months has 
been less than 2%. 11,2L22 
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Table II. Patient selection algorithm for serial duplex ultrasound examinations 
Clinical suspicion of PE 
Exclusions (70 patients) 
Nondiagnostic V /Q  scan and initially normal duplex exami- 
nation 
Exclusions (305 patients) 
Serial follow-up examinations 
Inclusion criteria 
469 patients 
High-probability V /Q  scan, normal V /Q  scan, acute MI, posi- 
tive duplex scan for DVT 
399 patients 
No signs or symptoms ofDVT, no significant risk factor for 
DVT 
94 patients 
Clinical suspicion of PE, nondiagnostic V /Q  scan, lower ex- 
tremity symptoms/risk factor for DVT 
V/Q,, Ventilation/perfusion; MI, myocardial infection. 
The second algorithm has used serial duplex 
ultrasound testing. With a limited technique in which 
only the common femoral vei n and the popliteal vein 
were evaluated, serial follow-up studies in outpatients 
with symptoms carried out over a 1-week period 
showed conversion from normal to abnormal studies 
in less than 2% of patients) ° More complete valua- 
tion of the femoropopliteal systems in patients with 
trauma at high risk showed a 14% incidence of DVT 
between days 1 and 19 of follow-up. 24 In patients 
admitted to a medical intensive care unit, thorough 
serial duplex ultrasound examinations of the femo- 
ropopliteal and calf veins showed a 28% incidence of 
lower extremity DVT, which was detected uring the 
stay in the intensive care unit; approximately half of 
these patients had thrombus isolated to the calf 
veins. 13 Howcver, two thirds of the patients in whom 
DVT was detected had a positive result on their 
first duplex ultrasound examination i  the intensive 
care unit, with only 10 (13%) of 77 patients convert- 
ing from normal to abnormal study results during 
follow-up. 
This study focuses on a different but equally 
specific patient population. Serial testing was done for 
inpatients, in whom the clinical diagnosis of DVT can 
be very difficult. Reliable diagnostic algorithms have 
been published for outpatients with symptoms, 2s27 
and certain groups ofinpatients are recognized to be 
at high risk for DVT including patients in the intensive 
care unit, patients with trauma, and patients under- 
going orthopedic surgical procedures. The general 
inpatient population may have significant clinically 
silent DVT, and no reliable indicators have been 
developed for this group. 
In addition, patients entered into this study had 
the clinical suspicion of pulmonary embolism, an- 
other difficult clinical diagnosis. Patients with high 
probability or normal or near normal ventilation- 
per fusion lung scan results were excluded, leaving a 
group with nondiagnostic lung scans or a comorbid 
condition that would contribute to a nondiagnostic 
scan. The actual prevalence of pulmonary embolism 
in this patient group is unknown, although it is likely 
to be very low. No pulmonary angiography was done, 
primarily because of reluctance by the attending 
physicians to request the examination despite recent 
data from the prospective investigation of pulmonary 
embolism diagnosis tudy attesting to the safety and 
diagnostic efficacy of angiography. 28 The comorbid 
conditions present such as congestive heart failure and 
chronic obstructive pulmonary disease could also 
account for the same symptoms that led to the 
suspicion of pulmonary embolism. Nonetheless pos- 
sible pulmonary embolism remained as a differential 
diagnosis during the patients' hospitalizations, al- 
though no patients were discharged receiving long- 
term anticoagulant therapy. 
All patients entered into the study also had the 
potential for DVT on the basis of their clinical history 
or physical findings including swelling or tenderness, 
active malignancy, recent surgery, or prolonged im- 
mobilization. Eliminated from further follow-up 
were all patients without these signs or symptoms, 
because as we noted previously, there is very little 
likelihood that any of these patients are at risk for 
DVT.  7 The requirement of a normal baseline duplex 
ultrasound examination result further eliminated all 
patients with preexisting DVI' either in the femo- 
ropopliteal system or isolated to the calf veins, leaving 
a well-defined cohort of 94 patients for serial fol- 
low-up examinations in whom the clinical diagnosis 
was uncertain. In this latter group no patient had 
femoropopliteal or tibioperoneal DVT. 
The two patients who did have DVT during this 
study had it in intramuscular calf veins only. The 
patient with the potentially more clinically significant 
disease, DVT in the gastrocnemius veins, which 
communicate directly with the popliteal vein, also had 
symptoms of localized point tenderness atthe sites of 
thrombosis. Given this patient's additional risk factors 
of prolonged hospitalization and active malignancy, 
she would have had venous duplex ultrasonography 
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done routinely as part of her hospital course. The 
isolated soleal vein thrombus in the second patient 
was of no clinical significance and was found in the 
absence of any associated symptoms. 
Finally, the issue of costs of serial follow-up 
evaluations hould be addressed, because it is signifi- 
cant. For outpatients with symptoms duplex ultra- 
sonography has been shown to be a cost-effective 
basis for patient treatment. Strategies with serial 
follow-up examinations for patients with initially 
normal study results have been shown to save addi- 
tional patients from fatal pulmonary emboli but at a 
cost of $390,000 per additional ife saved, if a single 
follow-up study is used, and $3.5 million per addi- 
tional life, if two follow-up studies are used. 29 Similar 
data for inpatients are not available, but if the strategy 
of a single follow-up examination of all normal lower 
extremity inpatient studies had been in place in our 
institution, the additional cost would have been $ ! .04 
million in 1995 alone. 
The data from this study indicate no need exists for 
serial follow-up lower extremity duplex ultrasound 
examinations in hospitalized patients with the clinical 
suspicion of pulmonary embolism and symptoms or 
risk factors for DVT, given that the initial scan 
completely evaluates the entire extent of the femo- 
ropopliteal and calf veins bilaterally and is normal. 
The elimination of such serial studies does not in- 
crease patient risk, provides significant cost savings, 
and partially relieves the increasing pressures on the 
limited resources of the vascular laboratory. Repeat 
duplex ultrasound examinations can be reserved for 
those patients whose lower extremity symptoms 
change during their hospitalization. Further study 
should determine whether these findings can be 
extended to the inpatient population more generally. 
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